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INTRODUCTION 
Lentil (Lens culinaris Medikus) is a protein-rich winter 
season pulse crop. The use of excessive fertilizers and 
pesticides are causing environmental hazards and  
deteriorating soil health. Judicious use of chemical 
fertilizers in combination with organic manures is  
required to improve the soil health as well as to 
achieve sustainable production. It is, therefore,  
necessary to develop a sustainable production system 
with maximum productivity and no/minimum  
environmental pollution. For sustainable production 
system, integrated use of chemical fertilizers, organic 
manures such as farmyard manure (FYM) or  
vermicompost or through the use of biofertilizers such 
as Rhizobium and phosphate solubilizing bacteria 
(PSB) helps to meet the nutrient requirement of the 
crop and providing high productivity (Ram et al., 
2013; Deshmukh et al., 2015; Meena and Ram, 2016). 
Addition of organic manures increases organic carbon, 
aggregate stability, moisture retention capacity and 
infiltration rate of the surface soil while reducing the 
bulk density and also improves grain yield of lentil 
(Sarkar et al., 2003). Application of biofertilizers (Bera 
and Pramanik, 2013; Singh et al., 2016), nitrogen (Niri 
et al., 2010) and phosphorus (Togay et al., 2008;  
Rasheed et al., 2010; Singh and Singh, 2016) is known 
to improve plant growth and grain yield in lentil. In 
this context, an experiment was planned to study the 
effect of integrated nutrient management (INM) with 
organic manures, chemical fertilizers and biofertilizers 
in lentil.   
MATERIALS AND METHODS 
A field experiment was conducted during rabi (winter) 
2009-10 at the research farm of Punjab Agricultural 
University, Ludhiana (30° 56'N, 75° 52'E, altitude 247 
m), India. The soil of the experimental site was loamy 
sand (80.3% sand, 14.3% silt and 5.4% clay), having 
pH 8.7, organic carbon 0.29%, available phosphorus 
(P) 11.5 kg ha-1 and available potassium (K) 410 kg ha-1. 
Soil pH was determined as per the Beckman’s Glass 
Electrode pH Meter (Jackson 1967), organic carbon as 
per Walkley and Black’s Rapid Titration Method 
(Jackson, 1967), available nitrogen as per Alkaline 
Potassium Permanganate Method (Subbiah and Asija, 
1956), available phosphorus as per 0.5M sodium  
bicarbonate extractable method (Olsen et al., 1954) 
and available potassium as per 1N Ammonium Acetate 
Extractable Method (Merwin and Peech, 1950). A total 
of 54.6 mm rainfall was received during the crop 
growing season. The weekly maximum temperature 
varied from 11.9 to 35.4 °C whereas the weekly 
minimum temperature varied from 3.8 to 17.5 °C 
during the crop season. 
Sixteen treatments, as given in Table 1, were arranged 
in a randomized block design with three replications. 
In the treatment of recommended dose of fertilizers 
(RDF) as per the Punjab Agricultural University, Lu-
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dhiana, 12.5 kg N ha-1 and 40 kg P2O5 ha
-1 was  
applied through urea (46% N) and single superphosphate 
(16% P2O5), respectively. Seed was inoculated with 
Rhizobium leguminosarum and Bacillus sp. each @ 
500 g ha-1 seed using minimum amount of water in 
Rhizobium + PSB treatments. Prior to sowing the  
inoculated seed was dried in shade for one hour. 
Chemical fertilizers and organic manures (FYM and 
vermicompost) were applied as per the treatments just 
before sowing. The sowing of cultivar LL 699 was 
done in rows 22.5 cm apart using a seed rate of 35 kg 
ha-1. Each plot measured 5.0 m × 1.8 m. The crop was 
harvested on 7 April, 2010. Weeds were controlled by 
two hand weedings at 30 and 60 days after sowing 
(DAS). The number of nodules was recorded at 60 and 
90 DAS by uprooting five plants from each plot, the 
roots were washed and nodules detached and counted. 
The nodule and plant dry weight was recorded after 
drying at 65°C. The chlorophyll and leghaemoglobin 
content was estimated using standard method of With-
am et al. (1971) and Wilson and Reisenauer (1963), 
respectively. 
At maturity, data on plant height, primary branches 
plant-1, secondary branches plant-1 and pods plant-1 
were recorded from randomly selected five plants from 
each plot, and seeds pod-1 from randomly selected 20 
pods. Biological yield and grain yield was calculated 
on a plot basis and converted into kg ha-1. From the 
produce of each plot 100 seeds were taken for 100-seed 
weight data. Harvest index (HI) was also calculated by 
dividing grain yield by total biomass production and 
then multiplying by 100. Gross and net returns as well 
as B:C ratio were also worked out. Gross returns were 
calculated by multiplying the grain yield with  
minimum support price of Rs 3100 q-1. Cost of  
cultivation was worked out on the basis of the current 
prices of inputs used in various treatments. Data were 
subjected to analysis of variance (ANOVA) in a  
randomized block design as per the standard procedure 
using   CPCS-1 software (Cheema and Singh, 1991). 
RESULTS AND DISCUSSION 
The application of Rhizobium and PSB enhanced the 
number of nodules as compared to uninoculated control 
and the organic and inorganic amendments alone 
(Table 1). The nodulation was significantly (P≥0.01) 
enhanced in treatments comprising of Rhizobium and 
PSB along with RDF, FYM and vermicompost at 90 
DAS. Similarly a notable increase in the nodule dry 
weight was recorded in these treatments (58.3-61.6 mg 
plant-1 as compared to 45.3 mg plant-1 in the control 
treatment). As compared to control, the higher number 
and dry weight of nodules have been reported with the 
use of organic and inorganic sources of nutrients (Ram 
et al., 2013) and biofetilizers (Tagore et al., 2013). 
Treatments comprising of Rhizobium + PSB along 
with RDF, 50% RDF, FYM and vermicompost showed 
significantly (P≥0.01) higher nodule dry weight (58.3-
61.6 mg plant-1) as compared to the treatments without 
biofertilizers (47.6-54.0 mg plant-1) at 90 DAS. The 
inoculation with PSB in greengram (Vikram and Ham-
zehzarghani, 2008) and Rhizobium + PSB in chickpea 
(Tagore et al., 2013) has also been reported to result in 
higher nodule number, nodule dry weight, and total dry 
matter.  The chlorophyll content was also enhanced 
when organic amendments were combined with Rhizo-
bium + PSB. Leghaemoglobin content, which is indic-
ative of efficient nitrogen fixation, was at par in treat-
ments of Rhizobium + PSB alone (2.87 mg g-1 fresh 
weight of nodules) or in combination with FYM, ver-
micompost and RDF + FYM + vermicompost (2.35-2.82 
mg g-1 fresh weight of nodules). This may be due to 
the fact that the organic manures have  
multifarious features such as being rich in nutrients, 
vitamins and growth regulators. These may have  
enhanced symbiotic efficiency (Chauhan et al., 2010). 
Use of co-inoculation of Rhizobium + Klebsiella with 
farmyard manure has been reported to enhance  
symbiotic parameters in dry beans (Uyanoz, 2007). 
Similarly, use of co-inoculation of Rhizobium + PSB 
with FYM or vermicompost enhanced nodule number 
and dry weight of nodules in lentil (Ram et al., 2013). 
Different treatments involving organic manure,  
chemical fertilizers and biofertilizers did not influence 
plant height, primary branches plant-1 and secondary 
branches plant-1 significantly (Table 2). The number of 
pods plant-1, a major yield attributing character, was 
highest in RDF + Rhizobium + PSB which was, 
however, at par with RDF + 5 t ha-1 FYM, RDF + 2 t 
ha-1 vermicompost, RDF and RDF + FYM 5 t ha-1 + 
vermicompost 2 t ha-1 + Rhizobium + PSB. In lentil, 
Rhizobium inoculation + N + P2O5 (Chowdhary et al., 
1998) and Rhizobium inoculation + P2O5 (Singh et al., 
2001) is known to improve pods plant-1. Integrated use 
of fertilizers with FYM and biofertilizers, in general,   
also increased seeds pod-1. It was found to be highest 
in RDF + FYM 5 t ha-1 + vermicompost 2 t ha-1 + 
Rhizobium + PSB.  The treatments had non-significant 
effect on 100-seed weight. 
The treatment with RDF + 5 t ha-1 FYM gave highest 
grain yield (1777 kg ha-1) which was at par with RDF 
+ 2 t ha-1 vermicompost, RDF + Rhizobium + PSB and 
RDF + FYM 5 t ha-1 + vermicompost 2 t ha-1 + Rhizo-
bium + PSB. This could be due to synergistic effect of 
various sources of nutrients as application of nutrients 
(Singh et al., 2000), FYM (Singh et al., 2003) and Rhi-
zobium inoculations (Singh et al., 2000) is known to 
have beneficial effects in lentil. Rhizobium inoculation 
improves nodulation in lentil (Chowdhary et al., 1998) 
and ultimately nitrogen fixation whereas PSB solubilize 
the native phosphates (El-Sayed, 1999). Therefore, 
these biofertilizers might have helped in providing 
nutrients to the plants and ultimately improving the 
productivity of lentil. Combination of different organic 
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 sources with RDF resulted in significantly (P≥0.001) 
higher grain yield than RDF only. RDF + 5 t ha-1 FYM 
resulted in 26.3 and 6.7 per cent higher grain yield 
over control and RDF alone, respectively. Integrated 
use of chemical fertilizers along with organic manures 
such as FYM and vermicompost as well as biofertilizers 
improved the grain yield of lentil over their sole  
application. In the case of chemical nutrients only, use 
of 12.5 kg N + 40 kg P2O5 ha
-1 provided higher grain 
yield than with 12.5 kg N + 20 kg P2O5 ha
-1, though 
these were statistically at par. Other researchers (Niri 
et al., 2010) advised the applications of 25 kg N + 40 
kg P2O5 ha
-1 for obtaining high grain yield of lentil in 
Iran. Optimum use of nutrients is essential for  
obtaining high grain yields of pulses (Singh et al., 
2010a, 2010b, 2011, 2012; Singh, 2013). Harvest  
index was not significantly influenced by different 
treatments. 
The highest gross returns (Table 3) were obtained with 
the use of RDF + 5 t ha-1 FYM (Rs 55087 ha-1), closely 
followed by RDF + 2 t ha-1 vermicompost as well as 
RDF + Rhizobium + PSB (Rs 54808 ha-1). RDF + Rhi-
zobium + PSB recorded the highest net returns (Rs 
40321  ha-1) and B:C ratio (3.78).   
It can be concluded that supplementing the  
recommended dose of nutrients (12.5 kg N + 40 kg 
P2O5 ha
-1) with 5 t ha-1 FYM or 2 t ha-1 vermicompost 
or Rhizobium + PSB inoculation help in obtaining high 
grain yields and net returns in lentil. High grain yields 
of lentil were obtained with the use of RDF + 5 t FYM 
ha-1 (1777 kg ha-1),  RDF + 2 t vermicompost ha-1 
(1768 kg ha-1) and RDF + Rhizobium + PSB (1768 kg 
ha-1), resulting in net returns of Rs 39650, 39871 and 
40321 ha-1, respectively. The study highlights the role 
of biofertilizers in lentil, which could play an  
important role in sustainable agriculture.  
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